I. Total lipids were extracted from digesta obtained from the rumen, abomasum and upper small intestine (jejunum) of each of four slaughtered sheep. The lipids were fractionated into unesterified fatty acids, neutral lipids and phospholipids and the proportional contribution of each fraction to the total fatty acids was determined.
Previous studies have shown that, in the rumen of the sheep, dietary lipids are subjected to extensive hydrolysis by bacteria, and unsaturated fatty acids can undergo partial or complete hydrogenation. Since the lipids of most common feeds (e.g. galactoglycerides of herbage, triglycerides of 'concentrates' of vegetable origin) have a high content of C,, unsaturated fatty acids, microbial activity results in the accumulation of free stearic acid (as the end-product of hydrogenation) and of geometrical (trans) and positional isomers of oleic, linoleic and linolenic acids as the products of incomplete hydrogenation. The hydrolysis of glyceridic lipids is complete and the liberated glycerol is fermented to short-chain, water-soluble fatty acids which are absorbed across the rumen wall. Very little, if any, degradation of long-chain fatty acids is thought to take place in the rumen and there is no evidence that acids of chain length C1, and greater are absorbed from the rumen. For recent reviews of lipid metabolism in the rumen see Garton ( , 1967 .
Thus, the lipids which are present in the digesta passing more or less continuously from the rumen through the abomasum to the small intestine consist largely of unesterified fatty acids, together with the structural lipids of the micro-organisms which accompany the digesta.
Felihski, Garton, Lough & Phillipson (1964) noted that, compared with the lipids in the rumen contents of the sheep, the lipids in the lumen of the upper small intestine contained enhanced proportions of C,, unsaturated fatty acids in both unesterified and esterified form. It was therefore decided to investigate the source of these fatty acids and to study in more detail the nature of the lipids in the lumen contents of the small intestine. Some of the results of these investigations have been described in a brief preliminary communication (Lennox, Lough & Garton, 1965 ).
E X P E R I M E N T A L
Source of alimentary tract contents Slaughtered sheep. Samples of digesta were obtained from each of two adult animals (sheep I and 2) as soon as possible after they had been given a lethal dose of Pentobarbitone sodium, BP (May and Baker) by intravenous injection and similarly from two others (sheep 3 and 4) which were killed by exsanguination following 'captivebolt' stunning. String ligatures were used to isolate portions of the alimentary tract before it was removed from the carcass to allow samples to be taken of the contents of the rumen, abomasum and upper small intestine (i.e. duodenum and proximal half of the jejunum). For several months before they were killed the sheep had received a diet of hay and 'concentrates' (linseed meal and crushed oats).
Cannulated sheep.
Samples of digesta were collected from three animals (sheep 5, 6 and 7), each of which was fitted with a pair of 're-entrant' cannulas (Ash, 1962) in different parts of the jejunum, namely 0.5, 2.0 and 8.0 m respectively distal to the point of entry of the common bile duct. From the proximal cannula of each pair the digesta was collected into a IOO ml measuring cylinder which was kept at c. 90' (in a bath of hot water) to inactivate lipolytic enzymes. A total of 300-500 ml was thus collected over a period of several hours. During the collection a similar volume of an aqueous solution at 37' (75 mM with respect to NaCl and 25 mM with respect to KCl) was introduced, in small portions at a time, into the intestine via the adjacent (distal) cannula. About half way through the collection period a small sample of about 10 mi digesta was taken separately for measurement (by glass electrode) of its pH value. For several weeks before the samples were taken each sheep received a daily ration of 800 g of chopped dried grass.
Source of bile The gall-bladders were removed from six adult sheep after they were killed at an Aberdeen slaughterhouse; the pooled bile (178 ml) was freeze-dried and stored in this condition at I O for a few days before analysis was commenced.
Analytical procedures Digesta from slaughtered sheep. Samples (100 g) of the contents of the rumen, abomasum and upper small intestine were treated as described by Felihski et al. VOl. 22 Intestinal lipids of sheep 239 (1964) to extract and fractionate the constituent lipids and also to prepare the methyl esters of their component fatty acids. In this procedure methyl esters of unconjugated and chemically-deconjugated bile acids (which accompany the fatty acid methyl esters prepared from intestinal contents) are removed by selective adsorption on silicic acid. T o ascertain the probable nature of the phospholipids which were isolated, small samples were examined by thin-layer chromatography (Wagner, Horhammer & Wolff, 1961) .
Bile. Freeze-dried bile (14.0 g), representing that derived from IOO ml of fresh bile, was taken into solution in 75 ml of distilled water and this was acidified with 5 ml N-HCI. Based on the lipid extraction method of Bligh & Dyer (1959) , the acidified mixture of bile constituents was emulsified with 100 ml of chloroform and zoo ml of methanol in a mixer-emulsifier (Silverson Machines Ltd, London) for 30 sec; IOO ml each of chloroform and distilled water were then added and the mixture (now biphasic) again treated for I min in the mixer. After centrifuging at 1400g for 15 min the upper (aqueous methanolic) layer was removed by suction and the remaining interfacial solid matter and chloroform were separated by filtration through a pad of lipid-free cottonwool. The chloroform solution, which contained all the lipids and some of the bile acids, was taken to dryness in a stream of nitrogen on a warm water-bath and the residue weighed, giving c. 3.0 g material/Ioo ml bile. (The rest of the bile acids, present in the aqueous methanol, can be recovered, if required, by extraction with n-butanol.) The lipids and accompanying bile acids were separated by chromatography on a column of silicic acid prepared as described by Garton & Duncan (1957) , except that chloroform was used to prepare the slurry (cf. Felihski et al. 1964) . The lipids plus bile acids were applied in solution in chloroform to the column, 1.0 g material/30 g silicic acid being used. The column was then eluted successively with (I) chloroform to remove neutral lipids, unesterified fatty acids, unconjugated bile acids and pigments,
(2) acetone-methanol (4: I, v/v) to remove conjugated bile acids, and (3) methanol to remove phospholipids. Further fractionation of the lipids eluted by chloroform was effected as outlined by Garton, Duncan & Lough (1961) to yield unesterified fatty acids, cholesterol esters, triglycerides and free cholesterol; fatty acid methyl esters for gas-chromatographic analysis (see below) were prepared (Duncan & Garton, 1962) from appropriate fractions. The phospholipids were fractionated on a silicic acid column (30 mg phospholipid/g silicic acid) with, as successive eluting solvents, chloroform-methanol (4 : I , v/v) for the elution of phosphatidylethanolamine, chloroform-methanol (I : I, v/v) to elute phosphatidylcholine (lecithin) followed by sphingomyelin, and finally methanol alone to remove lysophosphatidylcholine (lysolecithin). Methyl esters of the component fatty acids were prepared by direct methanolysis (Duncan & Garton, 1962) .
In all the above column chromatographic procedures each eluting solvent was used until no further lipid was removed from the column and the homogeneity of each fraction was checked by thin-layer chromatography; the adsorbent used was Kieselgel G (Merck A.-G., West Germany) and the appropriate solvents and 'spray' reagents were those recommended by Malins & Mangold (1960) for lipids and by Hofmann (1964) for bile acids. Reference specimens of authentic lipids were prepared in this laboratory or obtained from Koch-Light Laboratories Ltd (Colnbrook, Bucks.) and reference samples of bile acids were obtained from Maybridge Chemical Co. Ltd (Tintagel, Cornwall).
Phospholipase A from Crotalus adamanteus venom (Koch-Light Laboratories Ltd, Colnbrook, Bucks.) was used according to Long & Penny (1957) to release the fatty acids esterified in the P-position of 58 mg of phosphatidylcholine.
Digesta from cannulated sheep. The lipids and bile acids in a representative portion (100 ml) of digesta were extracted and fractionated in a manner similar to that described for bile. In order to obtain approximately the same proportions of chloroform, methanol and water as those recommended by Bligh & Dyer (I959), the water content of the digesta was determined by drying a sample to constant weight in an oven at I 1 0 ' . The digesta was acidified to a pH value between 1.0 and 2.0 with N -H C~ before extraction and the water thus added taken into account before adding the appropriate volumes of chloroform and methanol. Following the removal of the aqueous methanol, the solid (inter-layer) matter, after separation from the chloroform, was re-extracted for 30 sec in the mixer with IOO ml of chloroform-methanol-water ( 2 :~: 1.8, v/v/v) and the resulting chloroform layer combined with that obtained from the initial extraction.
T o obtain the liquid (micellar) phase of the digesta a sample (100 ml) was centrifuged at 14008 for 15 min to remove the main bulk of the solids. The supernatant solution was centrifuged for 14 h at 105ooog in an ultracentrifuge (Spinco, Model L), using a rotor which accommodated twelve cellulose nitrate tubes, each holding 13.5 ml of liquid. The resulting clear fluid was decanted from the small plugs of solid matter and, following acidification, the lipids and bile acids were extracted and separated in the same way as described above for bile and whole digesta. Fatty acids. The methyl esters of fatty acids were analysed, before and after hydrogenation, by gas-liquid chromatography as previously described (Duncan & Garton, 1963) . In the appropriate Tables the acids are designated by the shorthand nomenclature of Dole, James, Webb, Rizack & Sturman (1959) , which shows the number of carbon atoms/molecule, followed by the number of double bonds.
R E S U L T S A N D D I S C U S S I O N

Alimentary tract contents from slaughtered sheep
The results presented in Table I amplify the earlier findings of Felinski et al. (1964) by showing that the increased proportion of esterified fatty acids found in the lipids of the upper small intestine, as compared with those in the rumen lipids, is due almost entirely to an increment to the proportion of phospholipids present. Thin-layer chromatography of these phospholipids indicated that they consisted mainly of a mixture of phosphatidylcholine and lysophosphatidylcholine.
The fatty acid composition of each of the lipid fractions in the digesta samples from sheep 4 was determined, giving the values shown in Table 2 ; for clarity of presentation, the results for the abomasal lipids are not included since they were almost the same as those for rumen lipids.
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Intestinal lipids of sheep 241 Previous observations have shown that, compared with rumen contents, enhanced proportions of C,, unsaturated fatty acids are present in the free fatty acids and, more markedly, in the esterified fatty acid fraction of the digesta in the small intestine of the sheep (Feliliski et al. 1964 ; Ward, Scott & Dawson, 1964; Leat, 1965 ) and the 
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Details of the sampling procedure are given on p. 238. goat (McCarthy, 1962) . The present investigation confirmed these findings with respect to unesterified fatty acids, and further showed ( Table 2) that the increment to the esterified C,, unsaturated fatty acids was confined to the phospholipid fraction.
Bile is evidently the source of these phospholipids, of which it was estimated by Adams phatidylcholine) enter the small intestine of the adult sheep ; pancreatic juice contains virtually no lipid (Leat, 1965) . As was found by Adams & Heath (1963) , Leat (1965) and by ourselves (Lennox et al. 1965 ; see also below), biliary phospholipids contain significant proportions of C,, unsaturated fatty acids, thus accounting in part, if not entirely, for the increment to the proportions of these acids observed in the lipids of the lumen contents of the small intestine. Though bile contributes in small measure to the neutral lipids in the jejunum, these are probably largely derived from the lipids of the rumen bacteria and protozoa which are associated with the digesta passing down the alimentary tract.
Bile
In Table 3 are shown the amounts of the major classes of lipids found in the pooled sample of gall-bladder bile. This analysis is in general agreement with the values given by Leat (1965) for the amounts of unesterified fatty acids, cholesterol and total phospholipids in hepatic bile and with the observation of Adams & Heath (1963) that phosphatidylcholine and lysophosphatidylcholine are the principal phospholipids present though, compared with our analysis, these workers found that lysophos-
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Intestinal lipids of sheep 243 phatidylcholine constituted a greater proportion of the total phospholipids. 7 hinlayer chromatography indicated that only traces of sphingomyelin were present. The composition of the phospholipids and of the unesterified fatty acids with respect to their content of C,, and CIS fatty acids is given in Table 4 . The unesterified fatty acids and those of each of the three phospholipids contained similar proportions of C,, mono-, di, and tri-unsaturated components; as Table 3 indicates, the greater part of the total C,, unsaturated acids in the bile was present in the form of phosphatidylcholine.
It is of interest to note that, as previously observed by Adams & Heath (1963) , the fatty acid compositions of the phosphatidylcholine and lysophosphatidylcholine are very similar. When the phosphatidylcholine was subjected to the action of phospholipase A (which specifically removes fatty acids esterified to the secondary alcoholic group) it was found ( Table 5 ) that, in common with most naturally occurring phosphatidylcholines, these acids were almost entirely unsaturated components. Though it is probable (cf. Van den Bosch & Van Deenen, 1965) that the lysophosphatidylcholine Table 5 . Proportions of C,, and C,, fatty acids in the ,&position of bile phosphatidylcholine as it exists in bile is a mixture of , 8 and y forms (i.e. with the fatty acid esterified to the secondary or primary alcoholic group respectively), their relative proportions could not be determined in this investigation because chromatography on silicic acid is known to effect the isomerization of one form of lysophosphatidylcholine into the other (Slotboom, De Haas & Van Deenen, 1963; .
Intestinal contents from cannulated sheep
The results of the analyses and pH measurements of the representative samples of small intestinal digesta obtained from sheep 5,6 and 7 are shown in Table 6 . Whereas the values for the content of conjugated bile acids increase progressively with increasing distance of the cannula from the bile duct, the values for unesterified fatty acids and neutral lipids show no similar trend, suggesting that the former are absorbed from the jejunum and the latter are also absorbed or hydrolysed, or both. Evidence in support of this suggestion was obtained in subsequent experiments (Lennox & Garton, 1968) in which the degree of concentration of digesta was determined during its passage through various portions of the small intestine.
The amounts of the two phospholipids show interesting differences ; whereas in the upper jejunal sample from sheep 5 phosphatidylcholine was present in greater amount than lysophosphatidylcholine, the converse obtained in the sample of digesta taken from the more distal cannula of sheep 6 and, in the sample from the cannula of sheep 7 (some 6 m lower down the intestine), neither species of phospholipid was present. In vitro observations by Leat (1965) showed that, when sheep bile and pancreatic juice were mixed, lysophosphatidylcholine and unesterified fatty acids were formed; our observations are consistent with the occurrence of this process in the intestinal lumen. Though the absorption of intact phosphatidylcholine is not precluded, it seems reasonable to suppose that the absence of phosphatidylcholine and lysophosphatidylcholine from the digesta obtained from sheep 7 was probably largely the result of the complete uptake and/or dissimilation of the lyso compound originally present in bile or derived enzymically from the phosphatidylcholine of bile. In this connexion it is relevant to note that Nilsson & Borgstrom (1967) found that, whereas phosphatidyl- (1966)) on the digestion of lipids in non-ruminant animals has indicated that the mucosal uptake of long-chain fatty acids from the intestinal lumen is dependent on their being rendered soluble in the form of mixed micelles with conjugated bile acids. This solubilization of fatty acids in bile acid micelles is promoted by (I) the presence of monoglycerides which expand the micellar structure and ( 2 ) partial ionization of the fatty acids which occurs when the p H of the lumen contents reaches a value of about 6.5. It was thus of interest to examine the nature and amounts of the water-soluble (micellar) constituents of the jejunal digesta of the sheep since, as already mentioned, complete lipolysis of ingested glyceridic lipids takes place in the rumen and the liberated glycerol is fermented. Unesterified fatty acids thus predominate in the lipids entering the small intestine and, as shown by Bath & Hill (1967), very little, if any, monoglyceride is present.
T h e results of the analyses given in Table 7 show that, at p H 5.2 in the upper jejunal sample from sheep 6, only a small part (7 yo) of the unesterified fatty acids was present in solution, together with 26 yo of the phosphatidylcholine and 38 % of the lysophosphatidylcholine ; the latter, like monoglyceride in the chyme of non-ruminants, may facilitate the micellar solubilization of fatty acids. I n addition to most of the lipid, a considerable proportion (39 %) of the conjugated bile acids was associated with the particulate matter of the digesta, presumably as a result of having been precipitated from solution in bile by the low p H conditions obtaining in the upper jejunum. I n this context it is of interest to note that very recently Eastwood & Boyd (1967) have reported that, in the lumen of the small intestine of the rat, bile acids are distributed between the solid and aqueous phases of the digesta.
Though the sample of digesta from sheep 7 was alkaline (pH 8.0) and, owing to the absorption of water, more concentrated than that from sheep 6, a similar proportion of the total bile acids was present in the solid phase. The unesterified fatty acid content of the digesta from sheep 7 was only about half that in the sample from sheep 6 ( Table 6 ) and yet, despite the alkalinity of the medium, the proportion in micellar solution was of a similar low order.
The conditions which influence the distribution of bile acids and lipids between the solid and liquid phases of intestinal contents are evidently complex and remain to be investigated in detail. Nevertheless, it is evident that only a small fraction of the total fatty acids is available at any given time for absorption in micellar form though, as the following paper (Lennox & Garton, 1968) shows, up to 500 mg fatty acids/h can be absorbed, presumably in micellar form, from a diet of dried grass or one of hay and vegetable concentrates.
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